We investigated the effect of exogenously applied 3-deoxyglucosone, a major carbonyl intermediate, on the Maillard reaction. The fluorescence intensity of the product of the reaction of bovine serum albumin with 3-deoxyglucosone was higher than that with an equivalent amount of glucose. Similarly the rate of polymerization of lysozyme in the presence of 3-deoxyglucosone was also greater than with glucose, and collagen incubated with 3-deoxyglucosone was less digestible than collagen incubated with glucose. By contrast, aminoguanidine inhibited an increase in fluorescence of the Maillard compounds and the polymerization of protein, both of which were stimulated by 3-deoxyglucosone. These results suggest that 3-deoxyglucosone accelerates the advanced stage of the Maillard reaction and that aminoguanidine acts on 3-deoxyglucosone to inhibit its action in the advanced stage of the Maillard reaction. ) proposed that this compound was generated from the reaction between the furosine produced by the acid hydrolysis of Amadori compounds and ammonia, and argued against its presence in living organisms. 
1II-imidazole
as one of the specific fluorescent products of the advanced reaction. However, Njoroge et al. (5) proposed that this compound was generated from the reaction between the furosine produced by the acid hydrolysis of Amadori compounds and ammonia, and argued against its presence in living organisms.
The identification of the 
Materials and Methods

Fluorescence Intensity
We used bovine serum albumin (BSA; Sigma Chemical
Co., St. Louis, MO) as a model protein, incubating BSA at 1 g/L with 5 mmol/L glucose or 5 mmol/L 3DG solutions (7) in 500 mmol/L sodium phosphate buffer, pH 7.45, at 37#{176}C for 3, 7, 10, and 14 days. We determined the fluorescence intensity of the mixtures after each incubation interval. After 14 days at the above-mentioned conditions, glycated BSA, formed by incubation with the glucose, was dialyzed against distilled water for 24 h to remove excess glucose. After removing the glucose, we incubated glycated BSA with 3DG (0, 5, and 10 mmoIJL) for 14 days. We then 
Rate of Polymerization
Lysozyme (6x crystallized, from egg white; Seikagaku Kogyo Co., Tokyo, Japan) was used as the model protein.
We incubated lysozyme, 10 gIL, with 5 mmoJJL solutions of glucose or 3DG for 28 days under the above-mentioned buffer conditions. The sample was then dialyzed against distilled water to remove excessglucose and 3DG, and then evaporated to dryness. We reconstituted the sample in 1 mL of sample buffer (per liter: 10 mmol of'Fris HC1, 1 mmol of EDTA, lOg of SDS, and 50 mL of 3-mercaptoethanol, pH 8.0), boiled this for 10 mm at 100#{176}C, and subjected the sample to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Electrophoresis was conducted on a gradient gel (PAA 4/30; Pharmacia Co., Uppsala, Sweden) according to the method of Weber and Osborn (10). An electrophoresis calibration kit for determination of mobilities of low-molecular-mass proteins (Pharmacia Co.) was used as the source of internal standards. Gels were stained 
Digestibility
For this study we used type I collagen (from bovine achilles tendon; Sigma) as the model protein, incubating a 20 g/L solution of collagen with 5 mmol/L solutions of glucose or 3DG under the above-mentioned buffer conditions. We then digested these samples with 200 U of type VII collagenase (EC 3.4.24.3; Sigma) for 48 h and divided them into soluble and insoluble fractions by centrifligation at 10 000 x g for 10 miii. The amount of hydroxyproline in each fraction was determined by the method of LaBella and Paul (11), and digestibility was calculated as the ratio of hydroxyproline in the soluble fraction to the total hydroxyproline content.
Statistical Analysis
We used Student's t-test for statistical analyses.
Results
When glucose or 3DG was incubated with BSA, the fluorescence intensity increased significantly in a timedependent manner. After incubation for 14 days, the fluorescence intensity was 9.5 ± 0.680 units and 2.1 ± 0.140 units for 3DG-contaunung and glucose-containing reaction mixtures, respectively (P <0.01). The fluorescence intensity was much greater when 3DG was present than when glucose was present (Table 1) .
When amunoguanidine was preincubated with 3DG, the fluorescence intensity generated from BSA and 3DG was inhibited by aminoguanidine (original concentrations, 1 and 5 mmol/L) in a dose-dependent manner (Table 2) .
After removal of excess glucose, glycated BSA was incubated with 3DG, 0, 5, and 10 mmol/L. The fluorescence intensity of glycated BSA was developed to the same extent regardless of the dose of added 3DG (Table 3) .
The rate of polymerization of lysozyme protein induced by glucose or 3DG was analyzed by SDS-PAGE (Figure 1) . The rate of 3DG-induced polymerization was greater than that induced by an equivalent amount of glucose. Moreover, the rate of 3DG-induced polymerization was diminished by preincubation of 3DG with aminoguanidine.
Examination of changes in the digestibility of collagen protein induced by 3DG (Table 4) Each result in thiscolumn is significantly differentfromthe one immediately following it (P <0.05). 1)Signiflcantlydifferent(P <0.01) from the firsttwo results in this column. 14.4k-a bcde Oimomi et a!. (21) extracted a-ketoaldehyde dehydrogenase from human liver and showed that 3DG was a substrate for this enzyme, thus demonstrating the significance of 3DG and an enzymatic regulatory system in the Maillard reaction. The physiological concentration, metabolism, and other characteristics of 3DG in living organisms clearly need to be elucidated.
In conclusion, our results suggest that 3DG is an activator of the Maillard reaction and that aminoguanidine inhibits the effects of 3DG, thereby inhibiting the advanced stage of the Maillard reaction.
